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Goals
•• Key question: “At what spatial and temporal Key question: “At what spatial and temporal 

scales are physical processes most important in scales are physical processes most important in 
affecting marine fish populations?”affecting marine fish populations?”

•• Spatial and temporal scales of variability Spatial and temporal scales of variability 
•• physical environmentphysical environment
•• Dynamics / productivity of marine fish populationsDynamics / productivity of marine fish populations

•• Objective: Characterize spatial and temporal Objective: Characterize spatial and temporal 
scales of variability of Northeast Pacific fish scales of variability of Northeast Pacific fish 
populationspopulations

•• Scales of significant spatial Scales of significant spatial covariationcovariation provide provide 
estimate of dominant scale of environmental estimate of dominant scale of environmental 
influencesinfluences



Outline
•• Review: Spatial scales of covariation in Review: Spatial scales of covariation in 

productivity among salmon populationsproductivity among salmon populations
•• Spatial scales of covariation among herring Spatial scales of covariation among herring 

populationspopulations
•• CovariationCovariation among among groundfishgroundfish populations within populations within 

& between regions (Bering Sea, Gulf of Alaska, & between regions (Bering Sea, Gulf of Alaska, 
U.S. West Coast)U.S. West Coast)

•• CovariationCovariation between herring / salmon / groundfishbetween herring / salmon / groundfish
•• Temporal patterns in productivityTemporal patterns in productivity
•• ConclusionsConclusions



Data

Alaska

Canada

USA

Eastern Bering Sea:
11 groundfish 
stocks

Gulf of Alaska:
10 groundfish stocks

West Coast:
7 groundfish stocks120 salmon stocks

13 herring stocks



Stock-recruit residuals as 
measures of productivity
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Spatial scales of covariation: 
Salmon

Distance between stocks (km)
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Spatial scales of covariation: 
Pink salmon
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Cross-species comparisons:
3 salmon species
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Spatial scales of covariation: 
Herring
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Spatial scales of covariation: 
Pacific herring
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Spatial scales of covariation: 
Herring vs. salmon
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Correlations among stock-recruit 
residuals: groundfish
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Correlations by species

•• Bering Sea vs. Gulf of AlaskaBering Sea vs. Gulf of Alaska
•• Walleye pollock:Walleye pollock: -- 0.0210.021
•• Pacific codPacific cod 0.0260.026
•• Arrowtooth flounderArrowtooth flounder -- 0.2490.249
•• Flathead soleFlathead sole -- 0.0030.003
•• Pacific Ocean PerchPacific Ocean Perch 0.464 (p = 0.061)0.464 (p = 0.061)



Stock-recruit residuals and species 
clusters: Bering Sea
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Stock-recruit residuals and species 
clusters: : Gulf of Alaska
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Covariation among West Coast 
rockfish species
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Spatial covariation: groundfish
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Covariation: demersal vs. pelagic
Distribution of pairwise correlations among 

groundfish stocks and salmon / herring stocks
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Temporal scales and patterns of 
variability in productivity
•• InterannualInterannual vs. decadalvs. decadal--scale scale variabililtyvariabililty

•• On average < 30% of overall variability in On average < 30% of overall variability in 
productivity due to “decadalproductivity due to “decadal--scale” trendsscale” trends

•• Linear trends in productivity (1970Linear trends in productivity (1970--present):present):
•• 10 of 28 10 of 28 groundfishgroundfish stocks: 9 with decreasing trendstocks: 9 with decreasing trend
•• 7 of 14 salmon stock groups: 6 with increasing 7 of 14 salmon stock groups: 6 with increasing 

trendtrend

•• Evidence for regime shiftsEvidence for regime shifts
•• salmon stocks: 1976/77salmon stocks: 1976/77
•• groundfishgroundfish stocks: 1988/89stocks: 1988/89



Species-specific stock-recruit 
residuals (Bering Sea)
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Bering Sea groundfish:
aggregated stock-recruit residuals
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Regime shifts: groundfish stocks
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Regime shifts: salmon stocks
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Summary and conclusions:
Spatial covariation in productivity
•• RegionalRegional--scale scale covariationcovariation among measures among measures 

of of productivtyproductivty::
•• salmon stocks (up to ~ 1000km)salmon stocks (up to ~ 1000km)
•• herring stocks (up to ~ 1000km)herring stocks (up to ~ 1000km)
•• groundfishgroundfish stocks (within large ecosystems)stocks (within large ecosystems)

•• both positive and negativeboth positive and negative

Environmental forcing affects many stocks and species
in similar (or opposite) ways

Environmental processes at regional scales of several 100
to 1000 km most important in driving variability in fish 
productivity



Summary and conclusions:
Spatial covariation in productivity

•• No No covariationcovariation across “basinacross “basin--wide” scaleswide” scales

•• No No covariationcovariation between between pelagicspelagics (salmon / (salmon / 
herring) and herring) and groundfishgroundfish

Need to link largeNeed to link large--scale measures of environmental scale measures of environmental 
variability to regionalvariability to regional--scale mechanismsscale mechanisms

Different factors / processes drive productivityDifferent factors / processes drive productivity



Summary and conclusions:
Temporal patterns
•• High High interannualinterannual variability dominates productivity variability dominates productivity 

of individual stocksof individual stocks
•• RegimeRegime--like like behaviourbehaviour largely emerges at aggregate largely emerges at aggregate 

levelslevels

•• Increase in productivity of both salmon and Increase in productivity of both salmon and 
groundfishgroundfish after 1976/77after 1976/77

•• Decrease in productivity of Decrease in productivity of groundfishgroundfish (but not (but not 
salmon) after 1988/89salmon) after 1988/89

SystemSystem--level constraints on overall productivity?level constraints on overall productivity?

Different response to 88/89 regime shiftsDifferent response to 88/89 regime shifts



Conclusions

•• Key question: “At what spatial and Key question: “At what spatial and 
temporal scales are physical processes most temporal scales are physical processes most 
important in affecting marine fish important in affecting marine fish 
populations?”populations?”

“Regional” spatial scales “Regional” spatial scales mostmost importantimportant

InterannualInterannual time scale most important for time scale most important for 
individual stocks and speciesindividual stocks and species

Larger spatial scales and decadal time scales Larger spatial scales and decadal time scales 
(regime shifts) important to total productivity (regime shifts) important to total productivity 





Combined recruitment indices
Bering Sea Gulf of Alaska
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